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ABSTRACT OF THE DISCLOSURE

A semiconductor structure having a pair of rectifying
junctions respectively separating regions of opposite con-
ductivity type materials, with one junction being of greater
extent than the other. A lock region having a conductivity
type of the intermediate region is embedded in the region
adjacent the longer junction and extends in spaced paral-
lel relationship to that junction for limiting the penetra-
tion of any depletion layer toward said second junction
thereby preventing voltage punch-through. of the inter-
mediate region. The lock region extends omly partially
across the semiconductor structure.

———— A ————

This invention relates generally to transistors, and more
particularly to a transistor which provides improved high
power, high frequency operation.

High power transistors which have been provided in the
past have not been suitable for high frequency operation.
Further, such high power transistors have not had con-
stant gain over a large voltage range, and have provided
low gain at low voltages and higher gain at higher volt-
ages. This is because in order to withstand high voltages,
it is necessary that the base region of the transistor be
relatively thick. However, when high voltage is applied to
the collector region of the transistor, the collector deple-
tion layer extends into the base region to effectively reduce
the base thickness. When the operating voltage is in-
creased so that the collector depletion layer reaches the
emitter electrode, objectionable punch-through takes place.
Because of the requirement of a relatively thick base region
to prevent punch-through at high voltage operation, the
carriers therein have a longer distance to travel and at
low voltage a large number of the carriers are dissipated
to reduce the gain. When higher voltage is applied, the
collector depletion area extends into the base region so
that the distance of carrier travel is shorter and fewer
carriers are lost, so that the gain increases.

Another problem with high power transistors is that
known structures are not suitable for high frequency oper-
ation, This is because the collector-base capacitance is rela-
tively high. Also, the thick base requires long transit time
for the carriers, which limits the high frequency response.

It is therefore an object of the present invention to pro-
vide an improved high power, high frequency transistor.

Another object of the invention is to provide a high
voltage, high gain transistor, wherein the gain remains
substantially constant over a wide range of operating
voltages.

A further object is to provide a transistor which can
be operated over a wide range of voltages without causing
punch-through between the collector depletion layer and
the emitter region.

A still further object of this invention is fo provide a
transistor which operates in a manner analogous to the
operation of a vacuum tube. :

A more specific object of the invention is to provide a
transistor in which the extent of the collector depletion
layer into the base region is controlled.

A feature of the invention is the provision of a transis-
tor having emitter and collector regions separated by a
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base region, wherein the collector region includes a lock
layer for controlling the shape of the collector depletion
layer which extends into the base region toward the
emitter region.

Another feature of the invention is the provision of a
transistor having a collector electrode separated from the

- emitter electrode by a base region of opposite conductivity

type to the collector and emitter regions, with a layer em-
bedded in the collector region having the same conductivity
type as the base region which acts to shape the collector
depletion layer so that it does not extend into the base
region to engage the emitter with incrasing collector voit-
age. :

A further feature of the invention is the provision of
a transistor having a base region with an emitter region
formed therein, and a collector region having a junction
with the base region, wherein a lock layer is provided in
the collector region for controlling the shape of the deple-
tion layer formed in the base region, which has a portion
extending to an external surface of the collector region
for application of a control voltage thereto. By application
of a control voltage to the lock layer, analog operation can
be provided.

A still further feature of the invention is the provision
of a transistor having a collector with a lock layer to con-
trol the shape of the collector depletion layer in the base
region, so that the base region can be thinner, and which
divides the capacity of the depletion layer so that the over-
all capacity is less, to thereby provide better high fre-
quency operation.

The invention is illustrated in the drawing wherein:

FIG. 1 shows a transistor of usual construction and
the collector depletion layer formed therein;

FIG. 2 illustrates a tramsistor in accordance with the
invention having a lock layer in the collector region;

FIGS. 3A and 3B illustrate certain properties of the
transistor of FIG. 2;

FIGS. 4A to 4F illustrate the steps of constructing the
transistor of FIG. 2;

FIG. 5 illustrates a modified transistor construction in
accordance with the invention; and

FIG. 6 illustrates certain properties of the transistor
of FIG. 5.

In practicing the invention there is provided a transis-
tor having base, emitter and collector regions, with the
base region being of one conductivity type and the emitter
and collector regions being of the opposite conductivity
type. The transistor can be of either the NPN or the
PNP type. The transistor includes a lock layer in the
collector region which is spaced from the junction be-
tween the base and collector regions. The layer is of
the same conductivity type as the base region, and acts
to lock the position of the collector depletion layer formed
when voltage is applied to the collector electrode with
respect to the base electrode. When an increasing volt-
age is applied to the collector region, the collector deple-
tion layer extends into the collector and base regions,
until the depletion layer engages the lock layer. As the
voltage is further increased, the depletion layer is shaped
by the lock layer so that it does not extend farther into
the base region, thus not engaging the emitter region to
produce punch-through. The lock layer should be posi-
tioned with respect to the junction between the collector
and base regions so that the depletion layer reaches the
lock layer before it reaches the emitter region.

The lock layer in the collector electrode may be em-
bedded within the electrode and have no extermal con-
nection thereto. In an alternate conmstruction, the lock
layer may have a portion extending to an external sur-
face of the collector electrode, so that a bias potential
can be applied between the lock layer and the base region



